BACKGROUND Proteolytically released extracellular matrix (ECM) fragments, matricryptins, are biologically active and
and MMP expression (6) (7) (8) . Hyaluronanderived matricryptins interact with Toll-like receptor-2 and -4 to modulate the inflammatory and fibrotic responses (9) . The collagen Ia1 matricryptin DGGRYY, amino acids 1200 to 1205, is a potent neutrophil activator, and the tripeptide GHK (derived from both collagen Ia2 and secreted protein acidic and rich in cysteine [SPARC] ) is chemotactic for monocytes, macrophages, and mast cells and has proangiogenic properties (10) (11) (12) . Endostatin, an MMP-9-released C-terminal fragment from collagen XVIII, has antiangiogenic properties, whereas matricryptins from collagen IV are both pro-and antiangiogenic (13, 14) . MMP-9 cleaves collagen IVa3 to produce tumstatin, which inhibits angiogenesis (15) .
These reports suggest that ECM-generated matricryptins may have important biological activity during the healing cascade that follows MI.
Plasma MMP-9 levels directly correlate with LV dysfunction post-MI, in both human and animal models. In mouse models, MMP-9 deletion improves LV remodeling and cardiac function post-MI (16) .
Analysis of the wild-type LV infarct proteome showed increased levels of a low-molecular-weight collagen Ia1 fragment, compared with baseline day 0 levels Lindsey et al.
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RESULTS AND DISCUSSION
Previously, we identified an w30-kDa C-terminal collagen Ia1 fragment in the infarcted LV (LVI) at 7 days post-MI ( Figure 1A ) (17) . Because MMP-9 is prominent post-infarction, we performed cleavage assays using a recombinant collagen Ia1 that contains the N-and C-terminal regions and 66 Gly-X-Y triplet repeats (residues Gln23-Lys277 þ Gly1094-Leu1464).
Mass spectrometry analysis of the cleavage products revealed a new MMP-9 cleavage site between amino acids 1158/59 in the C-terminal region, 37 amino acids upstream of the collagen C-telopeptide ( Figure 1B) .
The generated C-collagen Ia1 fragment (C-1158/59) is downstream of the canonical collagenase cleavage site at Gly775-Ile776 (18) .
Using an antibody specific for the 1158/59 cleavage site, we evaluated the temporal generation of Lindsey et al.
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C-1158/59 fragment in the LVI and noninfarcted remote control regions in a mouse MI model. C-1158/59
LVI levels robustly increased at day 7 post-MI; it was >4-fold higher versus all earlier time-points (all p < 0.05) and 3.5-fold higher than the day 7
LV remote noninfarcted control (p < 0.05) (Figure 2A ,
Online Figure S1A ). Post-MI, loss of myocytes and contractility in the infarct region increases wall stress in the remote LV and induces compensatory hypertrophy.
Our data suggest a small degree of collagen turnover in the remote noninfarcted region in response to LV remodeling post-MI. In the LVI, MMP-9 protein concentrations increased significantly in the first week post-MI, returning to baseline (day 0) levels by day 7
( Figure 2B ). This increase was consistent with our past reports and with the timing of the generation of the C-1158/59 fragment (19) .
Because C-1158/59 fragment levels were higher at day 7 post-MI, when MMP-9 levels were returning to baseline, and were generated in the remote region where MMP-9 expression is low, we expanded our search to other MMPs that could cleave collagen at this We established that C-1158/59 is generated in the MMP-9-null mice and incubation with MMP-9 degraded the fragment ( Figure 2D ). This confirmed that C-1158/59 can be generated by other MMPs and suggested that decreased C-1158/59 levels at days 3 and 5 post-MI in the wild-type mice might be caused by MMP-9 degradation.
IN VITRO TREATMENT WITH THE P1158/59 PEPTIDE.
To study the biological activity of the C-1158/59 fragment (Central Illustration), we synthesized a short Following myocardial infarction (MI), the collagen fragment C-1158/59 is generated by both matrix metalloproteinase (MMP)-2 and -9; however, it is degraded by MMP-9 when MMP-9 levels peak. Endogenous delivery of the p1158/59 peptide, beginning at 3 h post-MI and continuing for 7 days, improved the quality of extracellular matrix scar formed, reduced fibrosis, and promoted angiogenesis. This resulted in preserved left ventricular (LV) geometry and reduced LV dilation post-MI.
Lindsey et al.
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We performed automated wound healing assays and observed that wound closure rates were enhanced with 1 mmol/l p1158/59 treatment and peaked at 22 h compared with untreated controls ( Figure 3A ).
Because proliferation rates were not different, the increase in wound healing rates was due to increased cell migration. Gene array analysis on the treated cells The in vitro data suggested that increased levels of p1158/59 post-MI could lead to accelerated fibroblast migration into the infarcted area, which in turn would and LV dilation, both associated with increased incidence of heart failure and patient mortality. Compared with the saline group, animals treated with p1158/59 post-MI showed reduced LV dilation, as evidenced by reduced end-diastolic (EDD) and end-systolic (ESD) dimensions (A), and collagen deposition at day 7 post-MI (B). Using picrosirius red staining under polarized light, saline produced thick yellow/red fibers, and p1158/59 mostly thin green collagen fibers. p1158/59 treatment did not affect collagen 1a1 expression (C), but stimulated collagen 3a1 overexpression, which reduced the col 1/col 3 ratio. n ¼ 12/group; *p < 0.05 versus saline.
Abbreviations as in Figures 1 and 2 .
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Matricryptin Reduces LV Dilation Post-MI Preserved chamber geometry and reduced dilation, We further investigated which changes were occurring at the molecular level during scar formation that could explain preserved LV structure after peptide delivery. We determined that p1158/59-treated mice showed less fibrosis in the LVI, evidenced by lower levels of collagen deposition in the infarcted area at day 7 post-MI (p < 0.05 vs. saline) ( Figure 4B ).
We used picrosirius red staining for histological visualization of collagen I and III fibers (27) . Sirius red dye molecules align parallel to the long axis of collagen molecules to enhance their natural birefringence (28) . Tables S1   and S2 shows the 50 unaltered genes). Expression of Adamts2 was increased 2-fold in the treated group Lindsey et al.
compared with the saline control (p < 0.05).
ADAMTS2 cleaves the N-terminal propeptides of collagen types I and III during collagen maturation, therefore playing a key role in collagen turnover.
Connective tissue growth factor (CTGF) expression was elevated in the treated group, CTGF promotes fibroblast proliferation, migration, adhesion, and ECM and vessel formation (32) . CTGF directly binds to integrin receptors and proteoglycans, and thus participates in signal transduction events. Most biological activities of matricryptins are mediated by integrins, proteoglycans, and growth factor receptors (14) . Endostatin (MMP-2 generated) and tumstatin (MMP-9 generated) exert their angiogenic effects by interacting through avb3 integrins, whereas angiogenic laminin peptides bind to avb3 and a5b1 integrins (33, 34) . Table 1 Animals that received p1158/59 for 7 days post-MI showed enhanced expression of Col4a1, Col4a2, and Lama1 compared with the saline MI group (Table 1) (p < 0.05 for all). These genes are components of the basement membrane and stimulate angiogenesis.
Collagen IV provides a stable substrate for vessel formation and promotes and regulates the formation, extension, and stabilization of microvessels during angiogenesis. Similarly, Lama1 stimulates angiogenesis and is critical for vessel integrity. Therefore, increased collagen IV and Lama1 expression by p1158/ 59 may promote angiogenesis and quicker formation of adaptive capillary growth during LV remodeling.
Extracellular matrix protein-1 (Ecm1), a secretory glycoprotein that promotes angiogenesis by inducing endothelial cell proliferation and neovessel formation, was overexpressed in the p1158/59 group ( Table 1) .
Interestingly, this protein has been shown through high-affinity protein-protein interactions to inhibit MMP-9 activity (35). Mmp-11, also significantly elevated in the p1158/59-treated animals ( Table 1) , is highly associated with cell migration and invasion (36) .
To validate what we observed at the gene level, we quantified by immunoblotting and immunohistochemistry Griffonia (Bandeiraea) simplicifolia lectin I
(GSL-1), which specifically binds to endothelial cells 
CONCLUSIONS
We have identified a novel collagen Ia1 cleavage site and the generation of a matricryptin downstream of 
